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My th e s i s  i 8 m ainly a r a d io lo g ic a l  e tudy  o f  E lev a tio n  
o f  th e  diaphragm w ith  some o b se rv a tio n s  on the  d i f f e r e n t i a l  
d iagnosis*  1 have added to  the t i t l e  th a t  o f  U n i la te r a l  
phren ic  p a r a ly s is  fo r  two reasons; f i r s t l y ,  1 hope to  
show during  th e  course o f  t h i s  paper th a t  c e r t a in  forms 
o f  c o n g e n ita l  e le v a t io n  of the  diaphragm a re  probably  due 
to  a u n i l a t e r a l  phren ic  p a r a ly s i s ,  and second ly , to  p re se n t  
f o r  c o n s id e ra t io n  a number o f  oases in  which p a r a ly s i s  o f  
one o r  o th e r  l e a f l e t  o f  the  diaphragm was oaused by a 
d e f in i t e  p a th o lo g ic a l  le s io n  in vo lv ing  th e  phrenio nerve 
in  i t s  passage through th e  thorax*
B levation  o f  the diaphragm may be permanent o r  
tem porary , and permanent e le v a t io n s  may be o e a g e n i ta l  o r  
acquired*
Under the heading Permanent e le v a t io n  o f  the diaphragm 
we may place P e t i t ' s  ’’e v e n t r a t io  d iaphragm atica" and a lso  
those  oases which I s h a l l  d e sc r ib e  l a t e r  o f  u n i l a t e r a l  
ph ren ic  p a ra ly s is*
I t  i s  u sua l in  w r i t in g  o f  e le v a t io n  o f  the  diaphragm 
to  begin by s t a t in g  t h a t  " P e t i t  in  1790 d esc r ib ed  a d i f fu s e  
r e la x a t io n  o f  the diaphragm" o r  aga in  "E v en tra tio n  o f  the  
diaphragm has been known ever  s in o e  J .  L. P e t i t  re p o r ted  
and named a case in  1790*" Many o f  th e  w r i te r s  on th i s  
s u b je c t  have done so* This i s  u n fo r tu n a te  because 
Jean Louis P e t i t  d ied  in  A p ri l  1760 a t  th e  age o f  86 
years* His w r i t in g s  were c o l le c te d  and pub lished  by 
Lesne, h is  p u p i l ,  in  , f js 'o  /790.
J. L. P e t i t ,  one of  the  most b r i l l i a n t  French 
surgeons o f  th e  18th* ce n tu ry ,  was the f i r s t  to  c l e a r ly  
d i f f e r e n t i a t e  the  cond ition  known as  B v e n tra t io  L iaphrag- 
m atica  from the  u s u a l  D iaphragm atic Hernia*
In  h is  w r i t in g s  he s t a t e s  th a t  he has seen two 
d iaphragm atic  h e rn ia #  and th a t  o th e r  cases  had been seen 
by s e v e ra l  of h is  co lleagues* He recogn ised  th a t  con­
g e n i t a l  d e fe c ts  occurred  in  th e  diaphragm and no ted  the  
absence o f  a h e r n ia l  sao in  the  f i r s t  case he recorded*
He a lso  oommented on th e  f a o t  t h a t  both  the h e rn ia s  of 
the  diaphragm which he had seen were on the  l e f t  side*
His co n fre res  to ld  him th a t  a l l  those  which they  had 
seen were likew ise  on the l e f t  side* This le d  him to 
suggest t h a t  th e  convex su r fa c e  o f  th e  l i v e r  p r o te c t s  
th e  r ig h t  s id e  o f  th e  diaphragm.
toe two oases which he d esc r ib ed  were in  a d u l t  m ales, 
and c l i n i o a l l y  o f  long s ta n d in g .
to e  f i r s t  oase was one o f  t ru e  d iaphragm atic  h e rn ia  
in  which, a t  the  p o s t  mortem, a g re a t  p a r t  o f  th e  stomach, 
a p o r t io n  o f  the  colon and p a r t  o f  th e  omentum had passed 
through a d e feo t in  th e  d o r s a l  p a r t  o f  th e  l e f t  diaphragm 
in to  the thorax* There was no h e r n ia l  sac and th e re  
were no adhesions*
The second case was a lso  on th e  l e f t  s id e ,  and P e t i t  
s ta teqfchat he considered  i t  to  be a  c o n g e n i ta l  abnorm ality . 
At th e  p o s t  mortem, on opening th e  ohest he found a tumour, 
the  s iz e  o f  "a sm all g ou rd" , formed by a p o r t io n  o f  the  
stomach, colon and omentum, and enc losed  in  a h e r n i a l  sao 
which was formed by peritoneum , diaphragm and pleura*
A " th ic k  lymph" o f  reoen t o r ig in  had ceased adhesions to 
the lower lobe o f  the lung , and the  co n ten ts  were s i m i l a r ­
l y  held  to g e th e r ,  so th a t  when removed from th e  sao th ey  
k ep t the shape of the  whole tumour.
The dea th  o f  t h i s  p a t i e n t  was a t t r i b u t e d  to  " In flam ­
mation of the  Abdomen".
I t  i s  th u s  seen t h a t  P e t i t  c l e a r ly  reoognised  t h a t  
h i s  second case was o f  a d i f f e r e n t  type from the u su a l  
d iaphragm atic  h e rn ia ,  and to  i t  he gave th e  name "Rvent-
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r a t i o  Diaphragm atioa". Since h i s  time 30  oases have 
been recorded . In the  e a r ly  days i t  was a p a th o lo g ie a l
d e s c r ip t io n ,  but s inoe  th e  in t ro d u c t io n  o f  X -rays to  the  
s tudy  o f  m ediolne, and more e s p e c ia l ly  o f  re ce n t  yea rs  
w ith  th e  advance o f  ra d io lo g y ,  i t  has become p o s s ib le  to 
a c c u ra te ly  observe and d iagnose th ese  oases during  l i f e .
I  S h a l l  f i r s t  d esc r ib e  6 oases which I have c la s s i f ie d  
as E v en tra t io  D iaphragm atioa. Group 1.
In group 2. I  record a s e r i e s  o f  oases o f  U n i la te r a l  
Phrenio  P a ra ly s i s  which I  th in k  throw a good d ea l o f  
l i g h t  on th e  a e t io lo g y  o f  group 1.
The** fo llow s a s h o r t  no te  on Temporary E lev a tio n  
o f  the Diaphragm w ith  i l l u s t r a t i v e  oases .  Group 3.
The d i f f e r e n t i a l  d iag n o s is  from oases o f  d iaphragm atic  
h e rn ia  -  group 4. -  and from o th e r  c o n d it io n s  such as  
lo o a l i s e d  hydro o r  pyopneumo tho rax  and subphrenio abscess  
w i l l  a lso  be considered . Group 5.
F in a l ly  I s h a l l  d isc u ss  th e  a e t io lo g y  and the  l i t e r a ­
tu re  and g ive  my conclusions . The B ib liography  i s  
a t ta c h e d .
I t  w i l l  a lso  be n ecessa ry  to  make some o b se rv a tio n s  
on the  anatomy and a c t io n  o f  the  normal diaphragm during  
the  course o f  t h i s  paper.
E v e n tra t io  D iaphragm atioa.
I t  i s  g e n e ra l ly  accepted  t h a t  the  term , E v e n tra t lo  
D iaphragm atioa, should be a p p l ie d  to  those cases  o f  oon- 
g e n l t a l  o r ig in  in which th e re  i s  a d i f fu s e  r e la x a t io n  o f  
one h a l f  o f  the diaphragm so th a t  i t  ex tends high up in to  
the  th o rax  forming a sac  which co n ta in s  a p o r tio n  o f  the  
stomach, and sometimes a p a r t  o f  th e  colon and m esentery . 
A l l  the oases recorded have been on the  l e f t  s id e  w ith  the 
excep tion  o f  one by Eppinger in  1911.
In these  cases ph y s lo a l examination may determ ine 
vary in g  and anomalous s ig n s  a t  the  base o f  the l e f t  hemi- 
th o rax  and a lso  an a l t e r a t i o n  in  the p o s i t io n  o f  th e  
h e a r t ,  but the r a d io lo g ic a l  exam ination makes i t  p o s s ib le  
to  i n t e r p r e t  th e se  s igns and a r r iv e  a t  a c o r r e c t  d ia g n o s is .
In the r a d io lo g ic a l  examination th e  fo llow ing  p o in ts  
r e q u ire  consi d e ra t io n
1. The bow l in e  in  the c h e s t .
This i s  p re se n t  in  a l l  oases as an unbroken l in e  
extending  a c ro ss  the  l e f t  hem ithorax. Sometimes i t  i s  
s l i g h t l y  i r r e g u l a r  on account o f  the  colon ly in g  a lo n g s id e  
the  a i r  sac  o f  the  stomach, a d i f f e r e n t  p re ssu re  o f  gas 
in  th e  colon from th a t  in th e  stomach accounting  f o r  th e  
s l i g h t  i r r e g u l a r i t y .  This bow l in e  en c lo ses  an a i r
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space a t  th e  bottom o f  which th e re  i s  o f ten  seen the 
sh a rp ly  defined  h o r iz o n ta l  l in e  o f  f r e e  f l u id  in  the 
stomach* The whole forme a dome in  the ch e s t  and 
p re s e n ts  a s t r i k i n g  p ic tu re*
2. Contents o f  the  dome.
The a i r  sao o f  th e  stomach i s  always p re se n t  and may 
occupy the whole o f  the dome. At tim es a p o r t io n  o f  
th e  colon may be found ly in g  a longs ide  i t*
3. Lung t i s s u e  seen through the  dome.
In the cases which I have in v e s t ig a te d  I have no ted  
th a t  luhg t i s s u e  was seen through the  upper p a r t  o f  th e  
dome.
4. Movements o f  the  bow line*
I t  i s  u s u a l ly  s t a t e d  t h a t  no movements o f  the  bow 
l i n e ,  ( the  r e la x e d ,  th inned  out diaphragm) ocour, o r  i f  
any movements were observed, th a t  th ey  were synchronous 
w ith  th e  noxmal l e a f le t*
In a l l  my oases I observed reversed  movements, but in  
one case  only  a f t e r  adhesions to  the  lung nad been d iv ided  
and u n t i l  they  reformed.
5. Level o f  the  stomach contents*
The le v e l  o f  th e  stomach c o n te n ts  i s  always the le v e l  
o f  the c a rd ia c  o r i f i c e .
6* P a lp a t io n  o f  the abdomen*
Splash ing  and r ip p l in g  on th e  su rface  o f  the  f l u i d  in
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th e  stomaoh i s  e a s i l y  produced by p a lp a t io n  o f  the 
abdomen•
7. The shape o f  the  stomach.
Deformity o f  the stomaoh f r e q u e n t ly  o ccu rs . I t  i s  
due to  th e  a s ce n t  o f  the g r e a t e r  cu rv a tu re  of  the stomaoh 
under the elevatBd diaphragm, with r o ta t i o n  on more o r  
l e s s  f ix ed  p o in ts .  The stomaoh p re se n ts  two s a c s ,  the 
upper s p i l l i n g  forwards in to  th e  lower. The r o t a t i o n  
may be so g r e a t  th a t  a vo lvu lus  i s  produced which may 
re q u ire  s u r g ic a l  in te r f e r e n c e .  In many of the cases 
reoorded th e re  i s  a h i s to r y  o f  stomach t ro u b le .
8. Displacement o f  the h e a r t .
F a r t  o f  th e  h e a r t  shadow i s  u s u a l ly  seen through th e  
a i r  in  the dome. The h e a r t  may be d isp lace d  to  th e  
r i g h t  and in  some o f  the oases reoorded t h i s  has e v id e n t ly  
been a marked f e a tu r e .
9. Movements o f  the  c h e s t  w a ll ,
Ifo d i f fe re n c e  in  th e  movements o f  the two s id e s  o f  
th e  c h e s t  were d e te c te d  in  the  cases which came under my 
o b se rv a t io n s .
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Group I* B v e n tra t io  diaphragmatioa*
Case 1.
In January  1920 a school g i r l  A. O'B. aged 12 y e a rs ,  
was brought to  h o s p i t a l  having had a oold and cough fo r  
two weeks.
The fam ily  h i s t o r y  was un im portan t and th e re  was 
no th ing  to  suggest the  oo n d itio n  found a t  the  x - ra y  
examination*
The screen  exam ination o f  th e  chest showed a complete 
r e g u la r  dome on the  l e f t  s id e ,  ex tending  a s  high as th e  
l e v e l  o f  the 3rd* r ib  in  f r o n t  and enc lo s ing  an a i r  space 
through whioh in  the upper p a r t  lung t i s s u e  was seen*
At th e  bottom o f  t h i s  a i r  space th e re  was a sh a rp ly
d ef ined  h o r iz o n ta l  l i n e  of  f l u i d  on whioh waves and r ip p le s  
were produced by p a lp a t io n  of the  abdomen*
Bo d e f i n i t e  movements o f  the  bow l i n e  in  th e  chest
were observed during  r e s p i r a t i o n ,  a lthough on one ooeasion
I though th e re  was a s l i g h t  re v e rse d  movement, an upward
movement du ring  in s p i r a t io n  and a downward movement during 
e x p i r a t io n ,  but I was no t q u i t e  con fiden t o f  th is *
The dome o f  th e  r ig h t  diaphragm was a t  the  l e v e l  o f
th e  10th* d o rsa l  verteb ra*  I t s  movements were normal*
The h e a r t  was s l i g h t l y  d isp la o e d  to the  righ t*
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There was an in c re a se d  d e n s i ty  o f  th e  roo t shadows 
o f  both lungs*
On g iv ing  a bismuth meal the  food was h e ld  up a t  the  
oard iao  opening o f  th e  oesophagus, th e  lower th i r d  o f  
which was d i l a t e d ,  th e  o b s tru c t io n  was soon overcome and 
the  stomaoh was seen to  f i l l  in  an i r r e g u l a r  manner* The 
cause o f  t h i s  was apparen t when th e  p a t i e n t ,  who up to  
t h i s  s ta g e  had been examined in  th e  p o s te r o - a n t e r io r  
p o s i t io n ,  was p laced  in th e  r ig h t  a n t e r io r  ob lique  p o s it io n . 
There were two s a c s ,  the  shadows overlapp ing  in  the 
p o s te r o - a n t e r io r  p o s it io n *  The upper sa c ,  when f i l l e d ,  
s p i l l e d  in  a forward d i r e c t io n  in to  the  lower.
The p y lo r ic  end o f  th e  stomaoh was d i r e c te d  baokwards 
and was n o t  w e ll  formed.
There was no d e lay  in  emptying*
In  the ly in g  down p o s i t io n  the  bismuth meal passed 
up to  th e  to p  o f  th e  bow l in e  in  the c h e s t ,  d isp la c in g  
th e  a i r  and com pletely f i l l i n g  th e  dome which was no t 
a l t e r e d  in  position*
Nothing abnormal was d e te c te d  in  the sm all in te s t in e *  
The colon was w e ll  o u t l in e d  and th e  s p le n ic  f le x u re  
was found to  r i s e  a lo n g s id e  th e  a i r  cap o f  th e  stomach to  
th e  top  o f  th e  bow l i n e  in  th e  c h e s t ,  but no t beyond i t*
At o th e r  times the  whole o f  th e  dome in  th e  chest was f i l le d
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by the  a i r  oap o f  the stomach.
A Barium enema con finned th e se  obeerva tione  on the 
colon mill eh urna o therw ise  normal.
'Siie was e v id e n t ly  a ease o f  P e t i t ' s  B v e n tra tio  
D iaphragm atioa.
Hr. John M orley, P .H .C .S .,  o pera ted  by the  th o ra o io  
ro u te ,  and from h i s  n o te s  I have e x t ra o te d  the  fo llow ing 
"The fundus o f  th e  stomaoh was seen p r o je c t in g  up 
in to  the  th o rax  f a r  above the l e v e l  o f  th e  in c i s io n .
I t  was a t  onoe apparen t th a t  a t r a n s p a re n t  la y e r  o f  
th inned  out diaphragm formed a covering f o r  the  
e le v a te d  abdominal v i s c e r a  and se p a ra te d  them com­
p l e t e l y  from the t ru e  p le u r a l  o a v i ty .  To th e  
h ig h e s t  p o in t  o f  t h i s  th in  t r a n s lu o e n t  diaphragm the  
base o f  th e  l e f t  lung was f i rm ly  ad h e ren t.  These 
adhesions were f ib ro u s  and v a s c u la r ,  and were r e a d i ly  
d iv id e d .  The d iaphragm atic  sac  was now in c is e d .
On opening i t  the sp le n ic  f le x u re  o f  th e  colon and 
l e f t  ex tre m ity  o f  th e  g r e a t  omentum and the  g r e a t e r  
ourvatu re  o f  the  stomaoh were p re se n te d .  These 
were q u i te  f r e e  from adhesions . The upper po le  o f
the  sp leen  a lso  came in to  view. The whole diaphragm
was m erely  r e p re se n te d  by a th in  sh e e t  c o n s is t in g  o f
p le u ra  above and peritoneum below with some r a th e r
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dense f ib ro u s  t i s s u e  between* A p a r t i a l  e x c is io n  
o f  t h i s  d iaphragm atic  sac was determ ined upon w ith  
the o b je c t  o f  b r in g in g  down i t s  l e v e l  as n e a r  to  the 
normal as p o ss ib le  and so reducing th e  d i s t o r t i o n  o f  
the stomach and allow ing more expansion o f  the lungs*f
Convalescence was u n ev en tfu l  and rap id .
Pour weeks a f t e r  th e  o p e ra t io n  I  made ano ther  A-ray 
exam ination of  t h i s  case*
The lung was f u l l y  expanded, the  bow l in e  in  th e  
ch es t  was no t so h igh , i t s  movements were q u i te  f r e e  but 
re v e rse d ,  and th e  stomach p re se n ted  a more normal appear- 
anoe, the exaggerated  cup and s p i l l  fo rm ation  having 
disappeared* Subsequent exam inations showed th a t  th e  
movements o f  th e  bow l in e  became le s s  and l e s s  f r e e ,  
f i n a l l y  no movements were observed, adhesions having 
e v id e n t ly  r e - f  earned*
M icroscopical s e c t io n s  o f  the  p iece o f  diaphragm 
removed showed normal endothelium on the p le u ra l  and 
p e r i to n e a l  su rfa o es  and between th e se ,  dense f ib ro u s  tissue  
w ith  no s ig n  o f  muscle f ib re s*  Ho nerve f ib r e s  could 
be made out in  s e c t io n s  th a t  were s p e c ia l ly  s ta in e d  to 
show them*
Three yea rs  l a t e r  I took the  op p o rtu n ity  of again  
examining t h i s  case -  January 1933* The cond ition  was
found to  be much the same as a t  the  l a s t  examination*
She s u f f e r s  no inconvenience and i s  engaged in  house 
work.
Case 2.
The second oase was a man, B.K. aged 54, who was 
o pera ted  on f o r  p y lo r ic  o b s t ru c t io n .  At th e  o p e ra t io n  
i t  was found th a t  the  l e f t  h a l f  o f  th e  diaphragm extended 
h igh up in to  the o h e s t ,  and th a t  the  o b s t ru c t io n  was due 
to  a to r s io n  o f  the stomaoh. This was r e l ie v e d .  I  
had the o p p o r tu n i ty  o f  X -raying t h i s  man some months 
l a t e r :  The screen  examination showed the bow l in e  o f
the eLevated l e f t  diaphragm r i s i n g  up in to  the o h es t ,  th e  
l i n e  was continuous a c ro s s  the  l e f t  hem ithorax , but no t 
p e r f e c t ly  r e g u la r ,  as  both the a i r  sao o f  th e  stomaoh 
and th e  s p le n ic  f le x u re  could be d is t in g u is h e d ,  the  
d i f f e r e n t  degrees o f  p re s su re  in  th e  two causing  a s l i g h t  
i r r e g u l a r i t y .  Some lung t i s s u e  could be seen through 
the upper p a r t  o f  the dome. The h o r iz o n ta l  l in e  o f  
f l u i d  in  the  stomaoh was observed , but t h i s  extended only 
p a r t  o f  th e  way ac ro ss  the l e f t  c h e s t .  P u l l ,  f re e  
rev ersed  movements o f  the  diaphragm were noted* P a lpa­
t io n  o f  the abdomen produced waves along the l i n e  o f  
f l u i d .  On g iv in g  a Bismuth meal the  stomach was seen 
to be o f  the  neup and s p i l l "  type . There was no delay
O^ U J.
/L'<fA jfo f&tAzrn.
k r/t -^A&t/ay£af <3^6 ^ z/yiAA /z r^rz
in  emptying. In the  ly in g  down p o s i t io n  bismuth food 
f i l l e d  up the  space under the bow l in e  in  the chest 
occupied by the a i r  s a c ,  and during  subsequent exam inations 
the  s p le n ic  f le x u re  was seen o u t l in e d  by bism uth. This 
was e v id e n t ly  a t ru e  case o f  e v e n tra t io n  o f  the  diaphragm 
in  which th e re  were no symptoms u n t i l  the  onse t o f  a 
p y lo r ic  o b s t ru c t io n  due to an in c re a se d  r o t a t i o n  causing  
a v o lv u lu s .  At the  p re se n t  time t h i s  man i s  in  good 
h e a l th  and s u f f e r s  no d iscom fo rt.
The th i r d  case was a m arried  woman.
Case 3. Mrs. M. H. aged 48 y e a rs .
This case was se n t f o r  A-ray exam ination o f  the  
c h e s t .  I t  was no ted  th a t  th e  oard iac  d u ln ess  was 
d isp la c e d  to the  r i g h t ,  t h i s  being the  only  d e f i n i t e  
p h y s ic a l  s ig n .  She complained o f  in d ig e s t io n  extend- 
ing  over a period  of th re e  years  w ith t e e n i e s v L  s ic k n e ss  
and vom iting . There was no acu te  pain but o f te n  a 
f e e l in g  o f  d iscom fort a f t e r  food.
The X-ray exam ination showed a r e g u la r  and ty p ic a l  
dome shaped e le v a t io n  o f  the  l e f t  diaphragm through which 
some lung t i s s u e  could be seen in  the  upper p a r t .  I t  
ro se  to  the l e v e l  o f  the  3rd. r i b  in  f r o n t .  The h o r iz o n t­
a l  l i n e  o f  f r e e  f l u i d  in  the  stomach was p r e s e n t ,  and the  
whole o f  the  space beneath the dome a t  th e  f i r s t  examinatioj
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was occupied by th e  a i r  sae  o f  th e  stomaoh. At o th e r  
tim es th e  sp le n ic  f le x u re  was seen to  be r i s in g  up a long ­
s id e  th e  stomaoh under th e  dome, but i t  was no t always 
p re s e n t .  There were complete and f r e e  reversed  move­
ments o f  th e  l e f t  h a l f  o f  the  diaphragm.
On g iv in g  a Bismuth meal th e  u su a l  defo rm ity  o f  th e  
stomach was found although  i t  was n o t  so marked in  t h i s  
case  as in  some o f  the  o th e r s .
She s t i l l  s u f f e r s  from in d ig e s t io n  and e v id e n t ly  
from an in te r m i t t e n t  o b s t ru c t io n  due to drag  on th e  
p y lo ru s  from m echanical causes .
Case 4 . H. B. Aged 41 y ea rs .
This man was s e n t  to  see  me in  December 1922. For 
th e  p a s t  20 years  he had s u f fe re d  from in d ig e s t io n .  The 
a t ta c k s  were i n t e r m i t t e n t ,  g r a d u a l ly  becoming worse.
Dr. F id d ia n ,  o f  A shton-under-Lyne, h is  m edical a t te n d a n t  
s t a t e s  "He had, on December 1 5 th . ,  an acu te  a t t a c k  o f  
e p i g a s t r i c  pain w ith  vom iting . I had g re a t  d i f f i c u l t y  
in  g e t t i n g  the  bowels moved and th e  s to o l  f i n a l l y  was 
green and o f fe n s iv e .  He has been w ell  purged s in c e ,  
s ta rv e d  fo r  48 hours and then  fed  c a r e f u l ly  bu t h is  pain  
does not wholly d is a p p e a r ,  i t  comes on two hours o r  so 
a f t e r  food and wakes him up in  the  n i g h t . "
A bismuth meal was given and a soreen exam ination 
rev ea led  a  co n d i t io n  s im i la r  to those  oases a l re a d y
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d esc r ib ed . The l e f t  l e a f l e t  o f  the  diaphragm was 
r a i s e d  and i t s  movements re v e rse d .  I t  p resen ted  an 
unbroken l i n e  s t r e to h in g  a c ro s s  the  l e f t  hem ithorax.
Through th e  dome lung t i s s u e  was seen and i t  was noted 
th a t  sometimes th e  colon rose  up a lo n g s id e  th e  a i r  oap 
o f  the  stomaoh under the  dome. Onoe again  th e  ty p io a l  
de fo rm ity  o f  th e  stomaoh was p re s e n t .
Case 5. 59 y ea rs .  A s tone  Quarry man.
He had s u f fe re d  from stomaoh symptoms during  th e  
p a s t  5 y e a r s . ,  They were o f  an in t e r m i t t e n t  o h a rao te r .
He had p a in s  2 to  4 hours a f t e r  food whieh were r e l ie v e d  
by ta k in g  more food. He o f ten  su f fe re d  from s ic k n e ss  
and r e tc h in g  but n ev er  vomited. In w r i t in g  to me, Dr. 
Lynoh o f  H ayfie ld  s a y s ,  "About th re e  months ago I  was eeHed 
to  see  him d u ring  the  n ig h t .  He was s u f f e r in g  a c u te ly ,  
the  upper h a l f  o f  h i s  abdomen was very  te n d e r .  The 
pain  came on v ery  suddenly and s t e a d i l y  grew worse. The 
c l i n i c a l  p io tu re  was su g g es tiv e  o f  p e r f o r a t io n .  As th e  
a t t a c k  occurred  d u ring  th e  n ig n t  I gave him a hypodem io 
o f  morphia and was q u i te  s u rp r i s e d  when I  saw him e a r ly  
n e x t  morning to  f in d  him p e r f e c t ly  w e ll" .
Here aga in  I  found the  c h a r a c t e r i s t i c  p ic tu r e  a l re a d y  
d e s c r ib e d ,  the l e f t  diaphragm e le v a te d ,  e t c .
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Case I .
The s ix t h  and l a s t  ease whioh I  have sees came to  
th e  M anchester Royal In f irm a ry  in  January  o f  t h i s  year -  
1923. J .  B. a la b o u re r ,  aged 51 y e a rs .  He s t a t e d  
t h a t  he was p e r f e c t ly  w e ll  u n t i l  about a month ago when 
he developed a bad co ld . Suddenly he was s e iz e d  by a
pain  in  the stomaoh, was s ic k  but could n o t vom it. S ince
then he has had d i f f i c u l t y  in  swallowing s o l id  food but 
no d i f f i c u l t y  with l iq u id s .  A bismuth meal was taken 
w ithou t much t r o u b le ,  and i t  was no ted  th a t  th e re  was 
some de lay  a t  th e  ca rd ia c  o r i f i c e  o f  th e  stomach, the  
unbroken bow l in e  o f  an e le v a te d  l e f t  diaphragm was seen 
extending  w e ll  up in to  the c h e s t .  I t s  movements were 
re v e rse d ,  the  ty p io a l  defo rm ity  o f  th e  stomaoh and a l l  
th e  o th e r  rad io g ra p h ic  f e a tu re s  common to  th ese  oases 
were no ted .
I t  i s  probable  th a t  th e se  oases a re  muoh more common
than i s  u s u a l ly  supposed and the in d iv id u a l  may go through
l i f e  w ithou t s u f f e r in g  muoh d isco m fo rt.
Most o f  th e  oases recorded  have been in  a d u l t s .
F re q u en tly  the d isp lacem ent o f  th e  h e a r t  to  th e  r ig h t  
found in  th e  course o f  th e  c l i n i c a l  exam ination i s  the  
reason fo r  th e  p a t i e n t  being se n t  to  th e  r a d io lo g i s t  f o r  
f u r t h e r  in v e s t ig a t io n ,  but more o ften  i t  i s  th e  presence 
o f  i n d e f i n i t e  g a s t r i c  symptoms.
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The ques tion  o f  d isp lacem ent o f  the h e a r t  to  
the  r i g h t  o f  E v e n tra t io n  o f  the Diaphragm, la rg e  d i a ­
phragm atic h e rn ia s  and in  ex ten s iv e  p le u r a l  e f fu s io n s  i s  
o f  i n t e r e s t  to  th e  c l io la n *  Dr* R* J .  M* Buchanan, 
Physic ian  to  th e  Royal In f irm a ry ,  L iv e rp o o l,  r e c e n t ly  
showed a t  th e  p o s t  mortem exam ination o f  a  case o f  e x te n ­
s iv e  d iaphragm atic  h e r n ia ,  t h a t  the  apparen t d isp lacem ent 
o f  the  h e a r t  to  the  r i g h t  was in  r e a l i t y  a ro ta t io n *
This i s  a lso  w ell  seen in  the ladlograms o f  oases in  which 
la rg e  p le u r a l  e f fu s io n s  have been rep la ced  by i M a p B .  
This leads  me to suggest th a t  in  E v e n tra t io n  o f  the  
Diaphragm the apparen t d isp lacem ent o f  the h e a r t  i s  a lso  
a ro ta t io n *
Another q u es t io n  o f  i n t e r e s t  i s  th e  movements o f  the  
ch es t w a l ls .  In the  oases I have reco rd ed , n e i t h e r  
c l i n i c a l l y  nor under X-ray exam ination oould any d i f f e r ­
ence in  the  movements o f  th e  r i b s  on th e  two s id e s  be 
detected*  This o b se rv a tio n  a lso  a p p l ie s  to  those  oases 
o f  U n i l a t e r a l  Phrenio  P a ra ly s i s  which a r e  d eso rib ed  in  
group 2.
Moreover I have noted  th a t  the  upward and outward 
movements o f  the  lower r ib s  tend to  f l a t t e n  a com pletely 
p a ra ly sed  diaphragm in  which rev e rse d  movements a re  
ta k in g  place*
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I t  i e  d i f f i c u l t  to  r e c o n c i le  th e se  o b se rv a tio n s  w ith  
th e  s ta tem en ts  in  the  t e x t  books o f  anatomyf where we a re  
ta u g h t th a t  one o f  the  p r in c ip a l  a c t io n s  o f  the  diaphragm 
i s  to  r a i s e  the s i x  lower r i b s  in  th e  a c t  o f  i n s p i r a t i o n .
U n ila tera l Phrenlo Paralysis#
I t  i s  s t a t e d  in  Oppenheimt s t e x t  book o f  Nervous 
D iseases  1911. Vol. 1, p . 423, th a t  " p a ra ly s i s  o f  th e
u
nerve  i s  n o t  common", and th a t  a u n i l a t e r a l  ph ren ic  
p a r a ly s i s  i s  d i f f i c u l t  to  recogn ise  as the  fu n c t io n a l  
d is o rd e r  i s  v e ry  s l i g h t  • I t  oan u s u a l ly  be d e te c te d  
by c a r e fu l  examination* Absence o f  the  s o - c a l le d  
"d iaphragm atic  s ig n "  (L i t te n )  i . e .  the  v i s i b l e  movements 
o f  the  diaphragm accompanying in s p i r a t i o n  and e x p i r a t io n ,  
may be o f  a s s i s ta n c e  in  d iagnosing  a u n i l a t e r a l  o r  b i ­
l a t e r a l  phren ic  p a r a ly s i s " .
I  th in k  i t  w i l l  now be g e n e ra l ly  adm itted  th a t  
u n i l a t e r a l  p h ren ic  p a r a ly s i s  i s  no t uncommon* I t  i s  
a co n d it io n  which can be d e f i n i t e l y  d iagnosed r a d io lo g ic -  
a l ly*  Within the  l a s t  two yea rs  I have seen 9 o ases ,  
and in  two o f  these  cases  I was ab le  to  confirm th e  
d ia g n o s is  pos t mortem*
In two o f  the cases  the r ig h t  ph ren ic  nerve was 
in v o lv e d , and in  seven o f  them i t  was the  l e f t*  Three 
o f  th e  oases occurred  in  secondary carcinoma o f  th e  
mediastinum* One o f  these  cases  was secondary to  
carcinoma o f  the  stomaoh and the  o th e r  two were secondary 
to  carcinoma o f  the  b r e a s t .
Of the remaining eases  th re e  were a s s o c ia te d  w ith  
pulmonary tu b e r c u lo s i s ,  two w ith  g r o w t h ^  the  chest and 
one w ith  aneurysm o f  the  aorta*
In  a l l  th e se  oases the  diaphragm movements on the
O'-A ffe c te d  s id e  were re v e rse d ,  and some o f  them p rese n ted  
th e  ty p i c a l  p io tu re  d e sc r ib e d  under the heading "Bvent- 
r a t i o  D iaphragm atica” . O thers were com plicated by 
the  involvement o f  the  lung in  the  d is e a s e ,  but my d ia g ­
n o s is  of p a r a ly s i s  r e s t e d  on (1) The e le v a te d  diaphragm
which p re se n te d  an unbroken bow l in e  in  th e  c h e s t ,  (2)
The p resence  o f  rev e rsed  movements*
1 was ab le  to  o b ta in  post mortem examinations in  two 
of the  c a se s .  In one case the  phrenio  nerve was involved 
in  a cancer nodule as  i t  c ro ssed  the ro o t o f  the  l e f t  
lung , a s e c t io n  o f  the  nerve below t h i s  a re a  showed com­
p le t e  d eg en era tio n , w h i ls t  a s e c t io n  o f  th e  diaphragm
showed d eg en era tio n  of  the  muscle f i b r e s ,  bu t th e  changes 
in  the muscle o f  the diaphragm were not so advanced as 
one would have expected .
In  the  second p o s t  mortem the ph ren ic  nerve was 
involved  c lo se  to th e  diaphragm, and a g t in  deg en era tio n  
o f  the  muscle was n o t so ex ten s iv e  as one would expect*
This su g g e s ts  some a u x i l l i a r y  In n e rv a tio n  of the  
diaphragm, and in  th e  d i s s e c t in g  room, branches o f  the
i n t e r c o s t a l  n erves  can be tra c e d  in to  th e  diaphragm 
m uscle.
x " I t  i s  sometimes sa id  to re ce iv e  f ib r e s  from th e  
low er th o ra c ic  n e rv es" .
x Cunningham'e Text Book o f  Anatomy. 4 th .  E d i t io n
p . 474.
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Group, 2.
Case 1, W.S. Male. Aged 58,
Bile man was s u f fe r in g  from b r o n c h i t i s  and pulmonary 
tu b e rc u lo s i s .  At th e  X -ray  examination I no ted  v ery  
d e f i n i t e  rev e rse d  movements o f  the l e f t  diaphragm, and on 
the s t r e n g th  o f  the  r e v e r se  movements, I was a b le  to make 
a d e f in i t e  d iag n o sis  o f  p a r a ly s i s  o f  the l e f t  diaphragm 
due to involvement o f  the ph ren ic  n e rv e .
Post mortem, i t  was found th a t  th e  l e f t  ph ren ic  
nerve was invo lved  in  a mass o f  f ib ro u s  t i s s u e  through­
out a d is ta n c e  o f  in c h e s .  There was a trophy  o f  the  
muscle o f  the  diaphragm on th e  a f f e c te d  s id e .
Case g . H. L. Male. Aged 50.
In t h i s  case th e re  was a d e f i n i t e  i n t r a  th o r a c ic  
growth, w ith  complete r e c u r r e n t  la ry n g e a l  nerve p a lsy .
The sc reen  exam ination showed a moderate degree of e le v a ­
t io n  o f  th e  l e f t  diaphragm, w ith complete rev e rse d  move­
m ents; i t  oonformed in  a l l  r e s p e c ts  w ith  the r a d io lo g ic a l  
s ig n s  d esc r ib ed  under e v e n tra t io n  o f  the diaphragm.
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Case 3*
This was a oase o f  seoondary carcinoma o f  th e  medias­
t i n a l  g la n d s ,  10 months a f t e r  a r a d ic a l  o p e ra t io n  f o r  can- 
oer o f  th e  b r e a s t .  The screen  examination showed marked 
enlargement o f  g lands in  th e  p o s te r i o r  mediastinum and 
i n f i l t r a t i o n  of a  p o r tio n  o f  the lower lobe o f  th e  l e f t  
lu n g , ju s t  above th e  diaphragm. The diaphragm was 
on ly  s l i g h t l y  r a i s e d ,  and i t s  movements were l im i te d  - 
they  were v e ry  d e f i n i t e l y  rev e rse d .
Oase 4. C.P. Male. Aged 54.
A oase o f  i n t r a  th o ra c ic  growth, oausing p a r a ly s i s  
o f  th e  r ig h t  p h ren ic  nerve w ith  re v e rse d  movements o f  th e  
r ig h t  diaphragm. The r ig h t  diaphragm was s l i g h t l y  
e le v a te d ,  bu t n o t markedly so ,  except on deep in s p i r a t i o n .
Case 5. Mrs. B. Female. Aged 45.
A oase of secondary  m e d ia s t in a l  carcinoma, th re e  
years  a f t e r  removal o f  the  l e f t  b r e a s t .  The l e f t  
diaphragm was e le v a te d ,  g iv in g  the  t y p i c a l  bow l i n e  in  
th e  chest -  i t s  movements were r e v e r s e d ,  and a l l  th e  
s ig n s  p re se n t  d e sc r ib e d  under e v e n t r a t io n .
Case 6. B. 0. Male. Aged 47.
A case o f  tu b e rc u lo s i s  o f  the r i g h t  ro o t and upper
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lobe  in  whioh th e re  wae p a r a ly s i s  o f  the r ig h t  diaphragm 
w ith  ty p io a l  reversed  movements*
Case 7. A. M. Male. Aged 56.
A t y p i c a l  oase of  carcinoma o f  the  stomach in  which 
th e re  was seoondary involvement of the m e d ia s t in a l  g la n d s , 
and invasion  o f  the base o f  th e  l e f t  lung . The l e f t  
diaphragm was p a ra ly se d ,  i t s  movements being rev e rse d . 
There was very  l i t t l e  e le v a t io n  on account of the  con­
s o l id a te d  lung t i s s u e .  Post mortem, th e  p h ren ic  nerve  
was found to be invo lved  in  a nodule o f  cancer ju s t  below 
th e  roo t of th e  l e f t  lung . H is to lo g io a l  p re p a ra t io n s  
o f  tne  nerve showed complete d e g e n e ra t io n , and s e c t io n s  
o f  the  diaphragm o f  th e  a f f e c te d  s id e  showed marked 
d egenera tion  o f  muscle f i b r e ,  though n o t  so marked as 
one would have expected  from the  co n d it io n  of  th e  nerve , 
thJte suggesting  th a t  t h e r e  i s  some a d d i t io n a l  in n e rv a t io n  
o f  th e  diaphragm, presumably from th e  lower th o ra c ic  
n e rv e s .
o 7 /
Case 8, A. C. Male, Aged 59,
Aneurysm o f  th e  A orta.
C l i n i c a l l y  a l l  tne  p h y s ic a l  s ig n s  of aneurysm o f  the 
a rch  o f  the  a o r ta  were p re se n t  in  t h i s  oase , and th e  x - ra y  
examination confirmed th e  d ia g n o s is .  To th e  l e f t  o f  th e
a o r t i c  a rch  a shadow could be seen with an i r r e g u l a r  edge 
sp read ing  downwards to  the ro o t  o f  th e  l e f t  lung. The 
l e f t  diaphragm was e le v a te d  and the  movements rev e rsed .
In t h i s  oase th e re  was e v id e n t ly  p a r a ly s i s  o f  th e  
l e f t  p h ren ic  nerve a s so c ia te d  w ith  aneurysm.
Case 9. W.S._____ Male._____ Aged 52.
There was e x te n s iv e  tu b e rc u lo s is  o f  the l e f t  lung , 
and to a l e s s e r  e x te n t  o f  th e  r i g h t .  The l e f t  diaphragm 
was e le v a te d  and p a r t i a l l y  f ix e d .  Very s l i g h t  reversed
movements were observed.
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I  w a s  a b le  r e o e n t l y  t o  o b s e r v e  t h e  a o t lo n  o f  t h e  
d ia p h ra g m  in  a  o a s e  i n  w h ic h  t h e  l e f t  l e a f l e t  had b een  
in j u r e d *  The p a t i e n t  w a s  a  m an, a g ed  31* D u r in g  
t h e  w a r , in  1 9 1 6 ,  h e  w as w ounded by an  e x p l o s i v e  b u l l e t  
w h io h  t o r e  i t s  w ay th r o u g h  t h e  l e f t  s i d e  o f  t h e  abdom en  
and c h e s t .  The lo w e r  r i b s  w ere  o u t  th r o u g h  and p o r t i o n s  
m i s s i n g .  T h is  r e s u l t e d  in  a  h e r n ia  o f  t h e  s p l e n i c  
f l e x u r e  o f  t h e  o o lo n  th r o u g h  t h e  o h e s t  w a l l  on  t h e  l e f t  
s i d e .  He w e a r s  an  a lu m in iu m  p a d , s u f f e r s  l i t t l e  in c o n ­
v e n ie n c e  and i s  in  f u l l  w ork  a s  a  m anual la b o u r e r *
L eft
On s c r e e n  e x a m in a t io n  t h e  m ovem ents o f  t h e A l e a f l e t  
o f  t h e  d lap h ragm  w e r e  r e s t r l o t e d  b u t  t h e  o h e s t  w a l l  w as  
m o v in g  q u i t e  w e l l  and t h e  p o i n t  o f  s p e c i a l  i n t e r e s t  w a s  
t h a t  d u r in g  i n s p i r a t i o n ,  when t h e  d ia p h ra g m  d e s c e n d e d ,  
th e  h e r n ia  c o u ld  b e  s e e n  r e t u r n in g  t o  t h e  abdomen and 
d u r in g  e x p i r a t i o n  when t h e  d ia p h r a g m  a so e n d e d  t h e  h e r n ia  
p r o tr u d e d  beyond  t h e  r i b s *  1 oan  o n ly  a t t r i b u t e  t h i s  
t o  a  d e f e c t i v e  d ia p h r a g m  m ovem en t, w h i l s t  t h e  m ovem ents  
o f  t h e  r i b s  d u r in g  i n s p i r a t i o n  and e x p i r a t i o n  w ere  n orm al*  
I  t h in k  t h e  p r i n c i p a l  a c t i o n  o f  t h e  d ia p h ra g m  i s  t o  in *  
c r e a s e ,  by  i t s  c o n t r a c t i o n ,  t h e  v e r t i c a l  d ia m e te r  o f  t h e  
t h o r a x ,  and c e r t a i n l y  th e  v e r t e b r a l  p o r t io n  o f  t h e  
d ia p h ra g m  a r i s i n g  fro m  t h e  a r c u a t e  l i g a m e n t s  and t h e  
b o d ie s  o f  th e  lum bar v e r t e b r a e  oan  o n ly  h a v e  t h i s  e f f e o t .
^ i W e -  J v y
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I t  sh o u ld  h e  rem em bered t h a t  t h e  c e n t r a l  te n d o n  oan  be  
s e e n  t o  move s l i g h t l y  dow nw ards d u r in g  a  s c r e e n  ex a m in a ­
t i o n  o f  t h e  o h e s t .  T he downward t h r u s t  o f  th e  d ia p h ra g m  
on t h e  r i g h t  s i d e  d e p r e s s e s  t h e  l i v e r  e t o . ,  b u t  on t h e  
l e f t  s i d e  t h e  a i r  oap  o f  t h e  s to m a o h  s o t s  a s  a  b u f f e r  
t a k i n g  up t h e  f o r o e  o f  t h e  d ia p h ra g m  m ovem en t. The 
s to m a o h  d u r in g  an 1 - r a y  e x a m in a t io n  oan  b e  s e e n  t o  a l t a r  
in  sh a p e  w it h  t h e  a o t lo n  o f  r e s p i r a t i o n .  B u r ln g  i n s p i r a ­
t i o n  i t  b ecom es s h o r t e r  and b r o a d e r ,  b u t  t h e  lo w e s t  p a r t  
o f  t h e  g r e a t e r  o u r v a tu r e  d o e s  n o t  a l t e r  In  p o s i t i o n .
T h is  h o ld s  good  in  w h a te v e r  p o s i t i o n  t h e  body i s  p l a o e d ,  
a l t h o u g h  t h e  a i r  i n  t h e  stom aoh  may n o t  b e  im m e d ia te ly  
u n d e r  t h e  d ia p h r a g m . Ip  some o f  th e  lo w e r  a n im a ls ,
e . g .  t h e  d o g ,  o a t ,  r a b b i t ,  t h e  a i r  s a c  d o e s  n o t  l i e  
im m e d ia te ly  u n d e r  t h e  d ia p h ra g m  b u t  i t  oan b e  s e e n  t o  
ta k e  up  t h e  t h r u s t  o f  t h e  d ia p h ra g m  by i t s  e l a s t i c i t y .
The a i r  In  th e  s to m a o h  i s  com posed  o f  a tm o s p h e r lo  a i r  
sw a llo w e d  in  t a k in g  f o o d .  A l l  t h i s ,  o f  o o u r s e ,  r e f e r s  
o n ly  t o  t h e  n o r m a l.
Thus t h e  r a d i o l o g i c a l  s tu d y  o f  t h e  d ia p h ra g m  t e n d s  
t o  th r o w  som e d o u b t on th e  t e a o h in g  in  th e  t e x t  b o o k s  o f  
a n a to m y , t h a t  o n e  o f  th e  p r i n c i p a l  a c t i o n s  o f  t h e  
d ia p h ra g m  I s  t o  r a i s e  t h e  s i x  lo w e r  r i b s  in  t h e  a c t  o f  
i n s p i r a t i o n .
In  c o n s i d e r i n g  th e  c a s e s  o f  U n i l a t e r a l  P h r e n ic
2 8 T
P a r a l y s i s  (G roup  2 ) t h e  many p o i n t s  o f  r e s e m b la n c e  t o  
P e t i t ' s  e v e n t r a t i o n  (g r o u p  1 )  a r e  a p p a r e n t ,  e . g .  t h e  
e l e v a t i o n  o f  t h e  d ia p h ra g m  p r e s e n t i n g  an u n b ro k en  bow  
l i n e  in  th e  c h e s t ,  t h e  p r e e e n o e  o f  r e v e r s e d  m o v em en ts , 
and In  some o a s e s ,  t h e  d e f o r m it y  o f  t h e  stom aoh  e t c .
The th o u g h t  n a t u r a l l y  a r o s e ,  C ould  some o f  t h e  
o a s e s  o f  e v e n t r a t i o n  be d u e t o  an I n ju r y  t o  th e  p h r e n ic  
n e r v e  a t  b i r t h  j u s t  a s  t h e  b r a o h ia l  p l e x u s  i s  so m e tim e s  
I n ju r e d ?  We a r e  a l l  f a m i l i a r  w i t h  b i r t h  p a l s i e s .
I  h a v e  lo o k e d  f o r  su ch  o a s e s ,  b u t u n s u c c e s s f u l l y .  
T u r n in g  t o  t h e  l i t e r a t u r e  o f  t h e  s u b j e c t ,  h o w e v e r , I  
found  an e x c e l l e n t  a o o o u n t  by W e lg e r t ,  o f  an in j u r y  t o  
t h e  l e f t  p h r e n lo  n e r v e  a t  b i r t h  w it h  p a r a l y s i s  o f  t h e  
l e f t  l e a f l e t  o f  t h e  d ia p h r a g m .
X s h a l l  r e tu r n  t o  t h i s  s u b j e c t  i n  d i s c u s s i n g  t h e  
q u e s t io n  o f  a e t i o l o g y .
Temporary E levation  o f the fllaphragm.
T h is  f r e q u e n t l y  o o c u r s  and l a  c a u se d  by g a s e o u s  
d i s t e n s i o n  o f  t h e  a i r  sa o  o f  th e  s to m a c h .
In  c h i l d r e n  i t  i s  q u i t e  common t o  s e e  t h e  l e f t  
d ia p h ra g m  r a i s e d  w e l l  u p  i n t o  t h e  t h o r a x  and to  f i n d  on  
t h e  f o l l o w i n g  d a y  t h a t  i t  i s  q u i t e  n o r m a l in  p o s i t i o n .
In  a d u l t s  i t  i s  o f t e n  p r e s e n t  In  p a t h o l o g i c a l  c o n ­
d i t i o n s  o f  t h e  sto m a ch  -  p a r t i c u l a r l y  in  c a r c in o m a . I t  
I s  u s u a l l y  a s s o c i a t e d  w i t h  t h e  "cup and s p i l l "  t y p e  o f  a 
s to m a c h .
In a l l  e s s e s  o f  tem p o r a r y  e l e v a t i o n  w h ic h  I  h a v e  
o b s e r v e d ,  t h e  m ovem ents o f  t h e  e l e v a t e d  d ia p h ra g m  h a v e  
b e e n  s y n c h r o n o u s  w ith  t h o s e  o f  t h e  o t h e r  h a l f ,  n e v e r  
r e v e r s e d .  In  o t h e r  w o rd s  t h e r e  h a s  b e e n  n o  p a r a l y s i s .
GROUP 3.
C a s e J U
A o a s e  o f  T em porary e l e v a t i o n  in  a  oh l i d  o f  5 y e a r s  
o f  a g e .  On t h e  f o l l o w i n g  day I t  w a s  q u i t e  n o r m a l.
A l l  t h e  u s u a l  r a d i o l o g i c a l  s i & i s  o f  e l e v a t i o n  w e re  
p r e s e n t  b u t  t h e  m ovem ents o f  t h e  bow l i n e  w e r e  s y n c h r o n o u s  
w it h  t h o s e  o f  t h e  o t h e r  h a l f  o f  t h e  d ia p h r a g m .
C a se  2 .  H .P . M a le . A ged 6 0 .
A c a s e  o f  c a r c in o m a  o f  t h e  p y l o r i c  end o f  th e  s to m a o h .
__   _ *
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The l e f t  d ia p h ra g m  w a s e l e v a t e d  b u t  t h e  m ovem ents w ere  
r e g u la r  and in  u n is o n  w i t h  t h o s e  o f  t h e  r i g h t *  S h e  
stom aoh  w a s o f  t h e  o a s o a d e  t y p e .
O ase 3* B*D* M ale* A ged 50*
She l e f t  d ia p h ra g m  w as e l e v a t e d  b a t  g r e a t  d i s t e n t i o n  
o f  t h e  a i r  eao  o f  t h e  stom aoh  w a s  p r e s e n t *  The stom aoh  
w as d e fo rm ed  b u t  n o  d e f i n i t e  p a t h o l o g i c a l  l e s i o n  w as  
d e t e o t e d *  T h e re  w as n o  p a r a l y s i s  o f  t h e  d ia p h ra g m , 
t h e  m ovem ents o f  t h e  tw o l e a f l e t s  w er e  sy n c h r o n o u s*
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D if fe r e n t ia l  D iagn osis.
The d i f f e r e n t i a l  d i a g n o s i s  o f  P e t i t ' s  e v e n t r a t i o n  
and u n i l a t e r a l  p h r e n io  p a r a l y s i s  from  o t h e r  d ia p h r a g m a t ic  
o o n d i t i o n e  h a s  now t o  b e  c o n s id e r e d .  They h a v e  t o  b e  
d i f f e r e n t i a t e d  fro m  1
1 .  D ia p h r a g m a t ic  h e r n ia  -  o o n g e n l t a l  o r  a c q u ir e d .
Is
2 .  L o c a l i s e d  h y d ro  o r  p y o p n e u m o th o r a x . \
*■
3 .  S u b -p h r e n ic  a b s o e s a .  ?
*
4 .  T em porary e l e v a t i o n  o f  t h e  d ia p h r a g m . |
D ia p h r a g m a t ic  h e r n ia  may b e  o o n g e n l t a l  o r  a c q u ir e d  ,
|
and t h e  c o n g e n i t a l  d e f e c t s  i n  t h e  d ia p h ra g m  w e r e  t h o r o u g h ly  
i n v e s t i g a t e d  by S i r  A r th u r  K e i t h  and r e c o r d e d  In  t h e  
B r i t i s h  M e d io a l J o u r n a l  O c to b e r  29 t h ,  1 9 1 0 .  I f  h i s  
d ia g r a m  i s  ta k e n  in  c o n j u n c t io n  w i t h  a n o th e r  d ia g r a m  by  
B rom an, r e p r e s e n t i n g  t h e  d e v e lo p m e n t  o f  t h e  d ia p h r a g m .
I t  i s  a t  o n c e  s e e n  how t h e s e  o a s e s  o c c u r .  So f a r  I  
h a v e  n o t  had t h e  o p p o r t u n i t y  o f  o b s e r v in g  t h i s  ty p e  o f  | 
c a s e .  I  u n d e r s t a n d ,  h o w e v e r , t h a t  t h e y  a r e  n o t  
u n oou aon *  D r . C a m p b ell B u t t l e  o f  t h e  B o y a l H o s p i t a l  
f o r  S ic k  C h i ld r e n ,  G la sg o w , i n  w r i t i n g  t o  me s t a t e s  t h a t  \I
t h i s  i s  h i s  o p i n i o n .  He h a s  s e e n  3 o a s e s  w i t h in  tw o I 
y e a r s .
A o o n g e n l t a l  w e a k n e s s  h o w e v e r , may e x i s t  d u r in g  l i f e .  
I n v i t i n g  a  h e r n i a ,  end In  on e  o a s e  w h ic h  I  r e c o r d  a  l a r g e
d ia p h r a g m a t ic  h e r s  l a  o c c u r r e d  w i t h o u t  an y  d e f i n i t e  tratuaa*  
{ Group IV • O ase 1 ) .
In  d ia p h r a g m a t ic  h e r n ia  w e p la o e  t h o s e  o a s e s  i n  
w h lo h  t h e r e  18 a  p r o la p s e  o f  v i s o e r a  i n t o  t h e  p l e u r a l  
c a v i t y  th r o u g h  a  gap  i n  t h e  d iap h ragm * The X -R ay  
e x a m in a t io n  sh o w s on e l e v a t e d  I r r e g u l a r  b ro k en  l i n e  e x ­
t e n d in g  a o r o s s  t h e  h e m i- th o r a x  w h lo h  oan h a r d ly  he 
m is ta k e n  f o r  t h e  d iaphragm * Lung t i s s u e  may o r  may 
n o t  he s e e n  th r o u g h  t h e  a i r  u n d e r n e a th  t h i s  l i n e :  t h e
f l u i d  c o n t e n t s  may r e a o h  h ig h  a b o v e  t h e  l e v e l  o f  t h e  
o a r d la o  o r i f l o e ,  and r i p p l i n g  on t h e  s u r f a c e  i s  e a s i l y  
p r o d u c e d  by p a l p a t i o n  o f  th e  abdomen* I f  t h e  h e r n ia
b e  a  s m a ll  o n e ,  a s  in  o a s e  2 (G roup I V ) ,  t h e  r e v e r s e d  
m ovem ents o f  th e  h e r n ia  d u r in g  r e s p i r a t i o n  a r e  w e l l  s e e n ,  
b u t  i f  th e  h e r n ia  b e  e x t e n s i v e ,  a s  in  o a s e  1 ,  n o  m ove­
m e n ts  may t a k e  p la c e *
I h e  p r e s e n c e  or a b s e n o e  o f  t h e  c o lo n  h a s  a l s o  b e e n  
s t r e s s e d  a s  a  d i a g n o s t i c  p o in t *  I n  e v e n t r a t i o n  I t  may 
b e  a b s e n t  or  p r e s e n t  on d i f f e r e n t  e x a m in a t io n s  o f  t h e  
sam e p a t i e n t *  I n  h e r n ia  th e  sam e o b s e r v a t io n  h o ld s  
g o o d , a lt h o u g h  i t  i s  p r a c t i c a l l y  a lw a y s  p r e s e n t  a t  
o p e r a t i o n ,  b u t  th e n  t h e  c o n d i t i o n s  h a v e  b e e n  a l t e r e d  
by t h e  o p e n in g  o f  t h e  abdomen o r  o h e s t ,  t h e  o p e n in g  
in  t h e  d ia p h ra g m  a p p e a r in g  much l a r g e r  th a n  th e  X -R ay  
e x a m in a t io n  w ould  le a d  on e t o  e x p e o t*
JJ.
The e x a m in a t io n  o f  t h e  sto m a o h  by m eans o f  a  b ism u th  
m ea l i s  o f  t h e  g r e a t e s t  im p o r ta n o e  and s h o u ld  r a r e l y  
f a l l  t o  s e t t l e  t h e  d ia g n o s i s *
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L o c a l i s e s  H ydro o r  o y o p n eu n o  t h o r a x .
8 u b -u h r e n lo  a b s o e s s *
QBOUP 4*
P a s s  1 .  H*L* M ale* A ged 86*
T h ere  w as n o  h i s t o r y  o f  any i n j u r y .  The p h y s i o a l  
e x a m in a t io n  g a v e  a l l  t h e  s ig n s  o f  a  h y d r o -p n e u m o th o r a x .  
The so  re  on e x a m in a t io n  sh o v e d  th e  d a r k  l i n e  o f  f l u i d  
e x t e n d in g  r i g h t  a c r o s s  th e  l e f t  o h e a t  w i t h  a  o l e a r  a i r  
s p a o e  a b o v e  i t  -  t h e  a i r  ap aoe e x t e n d in g  t o  t h e  h e i g h t  
o f  t h e  2nd* r i b  in  f r o n t *  t h e  f l u i d  t o  t h a t  o f  th e  4 t h .
A p o r t i o n  o f  o o l l a p s e d  lu n g  w as n o t e d  th ro u g h  t h i s  o l e a r  
a i r  apaoe*  h o  lu n g  t i s s u e  w as s e e n  a p a r t  fro m  t h e  
o o l l a p s e d  lu n g *  T h ere  w as n o  d e f i n i t e  bow l i n e  
o b s e r v e d  and n o  p a r a d o x ic a l  r e s p i r a t o r y  m ovem ents*
P a lp a t io n  o f  t h e  abdom en p ro d u o e d  r i p p l e s  on t h e  
s u r f a c e  o f  t h e  f l u i d *  The a p p e a r a n c e s  w e r e  q u i t e  
c o n s i s t e n t  and* in  f a c t  t y p i c a l  o f  a  h y d ro -p n e u m o th o r a x *  
A t a  l a t e r  e x a m in a t io n  h o w ever*  t h e  s p l e n l o  f l e x u r e  w as  
s e e n  r i s i n g  up  a l o n g s i d e  t h e  f l u i d  t o  a  h e ig h t *  i f  a n y ­
t h in g *  s l i g h t l y  a b o v e  i t *
A t o p e r a t io n  I t  was fo u n d  t h a t  t h e r e  w as a  l a r g e  
r e n t  I n  t h e  p o s t e r i o r  w a l l  o f  t h e  d ia p h r a g m  and t h a t  
p r a o t l o a l l y  t h e  w h o le  o f  th e  stom a oh and a  l a r g e  p o r t i o n
o f  t h e  c o lo n  w e r e  In  t h e  o h e e t
O aae g .  J*S *  i t e l o .  Agedi 4 0  *
T h is  waa a  d e f i n i t e  o a s e  o f  h e r n i a  o f  t h e  l e f t  
l e a f l e t  o f  th e  d iap h ragm * d u e  t o  a  g u n s h o t  w ound . The 
1 - r a y  e x a m in a t io n  show ed an I r r e g u l a r  l i n e  in  th e  l e f t  
c h e s t *  t h e  in n e r  p o r t i o n  o f  t h i s  i r r e g u l a r  l i n e  b e i n g  
d ia p h ra g m  -  t h e  o u t e r  p a r t  s to m a c h . The m ovem ents  
w ere  v e r y  p l a i n l y  s e e n  on t h e  s c r e e n  and on e  c o u ld  s e e  
th e  in n e r  h a l f  m o v in g  dow nw ards w h i l e  t h e  o u t e r  h a l f  
moved u p w ard s*  T he b ism u th  m ea l e x a m in a t io n  v e r y  
d e f i n i t e l y  e s t a b l i s h e d  t h e  d ia g n o s i s *  f o r  w i t h  t h e  
p a t i e n t  i n  t h e  l y i n g  down p o s i t i o n  on o  w as a b l e  to  ru n  
t h e  b ism u th  b a c k w a rd s  and fo r w a r d s  th r o u g h  t h e  o p e n in g  
in  t h e  d ia p h ra g m  and w a to b  t h e  h e r n ia t e d  p o r t i o n  o f  th e  
sto m a o h  f i l l i n g  and e m p ty in g *  T h ia  w a s  d o n e  by t i l t ­
i n g  t h e  t a b l e  t o p  d u r in g  t h e  e x a m in a t io n .
The a p p r o x im a te  s l s e  and p o s i t i o n  o f th e  t e a r  in  
t h e  d ia p h ra g m  w as a s c e r t a in e d *  and i t  l a  i n t e r e s t i n g  t o  
n o t e  t h a t  th e  c o lo n  w a s  n o t  s e e n  fo r m in g  p a r t  o f  t h e  
h e r n ia  d u r in g  th e  X*Kay e x a m in a t io n .
A t th e  o p e r a t io n  by ttr* A . H . B u r g e e s ,  f .R .C .S * *  
t h e  abdomen w a s  o p en ed  and i t  w as fou n d  t h a t  t h e  o u t e r  
and p o s t e r i o r  p a r t  o f  t h e  d ia p h ra g m  had b een  t o r n  fr o m  
i t s  a t ta o h m a n ts *  B o th  stom aoh  and c o lo n  form ed  p a r t
<Ji 2 .
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o f  th e  h e r n ia *
The d lap h ragm  w a s r e p a ir e d  and l a t e r  on an X * ra y  
e x a m in a t io n  ahowed t h e  r e s u l t  t o  h e  e x c e l l e n t *
C aee  3* T»B« M ale* A ged 3 0 .
H e r n ia  o f  t h e  r i g h t  d ia p h r a g m , d u e t o  a  g u n s h o t  
wound * T ra n c e  1914* The r i g h t  d ia p h ra g m  w as f i x e d  
h u t  th e  l i r e r  shadow  w ee  s e e n  e l e v a t e d  -  r e v e r s e d  move* 
w a n ts .
C aee 4* G ir l*  Aged 18*
L o e a l le e d  H yd ro*p n eu ao  th o r a x *  T h is  e a s e  w aa
s e e n  on e  y e a r  a f t e r  o p e r a t io n  f o r  eapyem a* The g i r l  
w ae In  e x o e l l e n t  h e a l t h  and d o in g  l i g h t  h o u s e  w o r k .
T h e r e  w as a  l o c a l i s e d  h y d r o -p n e u a o  th o r a x  p r e s e n t *  The  
l i n e  o f  f l u i d  w a s a b o v e  th e  l e v e l  o f  t h e  o a r d ia o  o r i f i c e  
and e a o h  h e a r t  h e a t  p ro d u o e d  w a v e s  a lo n g  t h e  s u r f a c e  o f  
t h e  f l u i d »
The p o s i t i o n  o f  t h e  d ia p h r a g m  w ee  e a s i l y  a s c e r t a i n e d  
by g i v i n g  a  s e d l i t s  pow der*
C ase  5* Cr*Q. Aged  16*
S u b -p h r e n ic  A b e o se e *  In  t h i s  c a s e  a  s u b -p h r e n lo  
a h e o e s a  d e v e lo p e d  t h r e e  w e e k s  a f t e r  o p e r a t io n  f o r  a o u t e  
a p p e n d i c i t i s .  T he a p p e n d ix  w a s r e t r o  ~ o a e o a l  end  
g a n g r e n o u s  and an a h s o e s s  w as p r e s e n t  w h lo h  w as d r a in e d *  
T u r th e r  t r o u b l e  d e v e lo p e d ,  h o w e v e r , and a t  t h e  X*Hay
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e x a m in a t io n  th e  r i g h t  d ia p h ra g m  w a s fo u n d  'e le v a t e d  and 
f i x e d ,  w i t h  a  o l e a r  a i r  a p a o e  u n d e r n e a t h ,  a t  t h e  lo w e r  
b o r d e r  o f  w h io h  was a  s t r a i g h t  l i n e  o f  f r e e  f l u i d .  
3 p la s h in g  o f  th e  f l u i d  w a ^ e a s i l y  p r o d u c e d , and in  th e  
l y i n g  down p o o l t i o n  t h e  a i r  w a s  d i s p l a c e d ,  t h e  f l u i d  
r u n n in g  up  i n t o  t h e  o h e s t  t o  t h e  l e v e l  o f  th e  bow l i n e *  
T he lo w e r  m a rg in  o f  t h e  l i v e r  w a s  p u sh e d  downwards*
A f u r t h e r  o p e r a t io n  w as d o n e  and a  e u b - p h r e n lo  
a b s o e s s  w a s  fou n d  o o n t a i n i n g  a  l a r g e  q u a n t i t y  o f  f o u l*  
s m e l l i n g  p u s*
C a se  6 .  w .s *  M ale* A ged 33*
S ttb -h e p a t lo  A b so esa *  On 2 2 .2 * £ 3 *  t h i s  man w as  
o p e r a t e d  on  a t th e  i ia n o h e s t e r  K o y a l I n f ir m a r y  f o r  an  
a o u t e  a p p e n d ix *  A p e r fo r a ted  a p p e n d ix  w as fo u n d  w ith  
t h e  p r e s e n c e  o f  an  a b s o e s s .  He p r o g r e s s e d  q u i t e  
s a t i s f a c t o r y  and w a s  d la o h a r g e d  on 2 8 .3 .E 3 .  He w as  
r e » a d m it t e d  on 1 3 * 4 * 2 3 *  and t h e  JUKay e x a m in a t io n  
show ed e l e v a t i o n  o f  th e  r i g h t  d ia p h r a g m  end l i v e r *
T h ere  w as n o  f l u i d  d e t e o t e d  and n o  s e p a r a t i o n  o f  t h e  
d ia p h ra g m  fr o m  th e  l i v e r *  Ho m ovem en ts o f  t h e  e l e v a t e d  
d ia p h ra g m  and l i v e r  w ere  d e t e o t e d *
A t t h e  o p e r a t io n  a  l a r g e  s u b - h e p a t io  a b s o e s s  w as  
fo u n d  and d r a in e d *
^  tote.
ABTIOtOCK AMP IJTKHATPRB.
I
The u s u a l  s t a t e m e n t  fo u n d  In  t h e  l i t e r a t u r e  i s  t h a t  
th e  a e t i o l o g y  18 s t i l l  o b sc u r e *  P e t i t  r e g a r d e d  t h e  
c o n d i t i o n  a e  b e in g  o f  c o n g e n i t a l  o r ig in *
M ost o f  t h e  o a s e s  r e c o r d e d  h a r e  b een  i n  a d u l t s ,  b u t  
t h e r e  i s  o n e  o a s e  o f  an a u t o p s y  o f  a  f o e t u s  i n  w h ioh  
e v e n t r a t i o n  o f  th e  l e f t  d iap h ragm  w as found* A n o th e r  
a u t o p s y  o f  a  new born  i n f a n t  r e v e a l e d  a  s i m i l a r  c o n d i t io n *  
t h e s e  w ere  th e  o a s e s  o f  P y l  and M e c k e l ,  and w ere  q u o te d  
by L a a o h e r .
S t e i n  r e c o r d s  a  t y p i c a l  e v e n t r a t i o n  o f  th e  l e f t  
d iap h ragm  i n  a  new  b o m  c h i l d  w h lo h  l i v e d  E6 d ays*
In  t h i s  c a s e  t h e  l e f t  l e a f l e t  o f  th e  d ia p h ra g m  w as 
a  t h in  f ib r o u s  s t r u c t u r e  e x t e n d in g  h ig h  up i n t o  th e  
t h o r a x ,  w ith  no m u s c u la r  f i b r e s *
Ifcoma l a i d  g r e a t  s t r e s s  on  t h e  h y p o p la s ia  o f  th e  
l e f t  lu n g ,  i t  h a v in g  b een  o f t e n  n o t e d  a t  p o s t  m ortem  
e x a m in a t io n s  t h a t  th e  lo w e r  lo b e  o f  th e  l e f t  lu n g  was 
a b n o r m a lly  s m a ll*  "When th e  lu n g  i s  t o o  s m a l l  t h e  d i a ­
phragm  r i s e s  to  f i l l  t h e  s p a c e  i n  t h e  p l e u r a l  c a v i t y ,  
d r a g g in g  t h e  i n t e s t i n a l  c o n t e n t s  w ith  i t ” *
D o e r in g  p u t  fo r w a r d  th e  t h e o r y  o f  a  c o n g e n i t a l
d e f i c i e n c y  o f  t h e  m u s c le s  o f  o n e  a id e  o f  t h e  abdom en.
He p o i n t s  o u t  t h e  d e f i c i e n c y  i n  th e  m u s c u la r  t i s s u e  o f  th e  
a f f e c t e d  l e a f l e t  o f  t h e  d iap h ragm  and t h e  s y m m e t r ic a l  c o n ­
d i t i o n  o f  t h e  t h o r a x .  The w eak d iap h ragm  f a l l s  to  
ex p a n d  th e  lu n g ,  and a ssu m e s  t h e  h ig h  p o s i t i o n  d r a g g in g  
t h e  v i s o e r a  w it h  i t .  T h is  t h e o r y  i s  n o t  s u p p o r te d  b y  
th e  p o s t  m ortem  e x a m in a t io n s ,  a s  t h e  c o n d i t i o n  o f  A t e l e c t a s i s  
h a s  n e v e r  b een  fo u n d . I t  i s  i n t e r e s t i n g  to  n o t e  t h a t  
Thoma, i n  s u p p o r t  o f  h i s  t h e o r y  t h a t  t h e  lu n g  i s  c h i e f l y  
a t  f a u l t ,  c i t e s  th e  p r e s e n c e  o f  m u s c u la r  f i b r e s  in  t h e  
d ia p h ra g m , w h i l s t  B o e r in g  c i t e s  t h e  d e f i o i e n o y  o f  m u s c u la r  
t i s s u e  i n  t h e  d ia p h ra g m  a s  a  r e a s o n  i n  s u p p o r t  o f  h i s  
o p i n i o n .
B a e t s e  r e g a r d e d  i t  a s  d e v e lo p m e n t a l ,  w h i l s t  V o g e l  
th o u g h t  t h e r e  was a c o n g e n i t a l  p r e d i s p o s i t i o n  w ith  d e g e n ­
e r a t i v e  c h a n g e s  i n  t h e  m u s c u la r  f i b r e s ,
M o t s f e ld t  t h o u g h t  i t  due to*.-;
( 1 )  P r im a ry  a p l a s i a  o f  th e  m u s c u la t u r e  w it h
s e c o n d a r y  a tr o p h y  and d e g e n e r a t io n  o f  
th e  p h r e n ic  n e r v e ,
(2)  P r im a ry  a p l a s i a  and a tr o p h y  o f  t h e  p h r e n ic
n e r v e  w it h  s e c o n d a r y  m u s c le  d e g e n e r a t io n .
( 3 )  A c o m b in a t io n  o f  ( 1 )  and ( 2 ) .
T en n an t r e c o r d e d  q u i t e  a  u n iq u e  c a s e  o f  a  man -  a g e d  6 0 -
He fo u n d  p o s t  m ortem  t h e  a n t e r i o r  o n e - t h i r d  o f  t h e  l e f t  
l e a f l e t  o f  t h e  d iap h ragm  n o r m a l, b u t  m arked o f f  b e h in d  
from  th e  r e s t  b y  a band e x te n d e d  from  th e  lo t h *  c o s t a l  
o a r t i l a g e  t o  t h e  c e n t r a l  te n d o n  -  th e  p o s t e r i o r  t w o - t h i r d s  
o f  th e  v a u l t  w as l a x ,  f l a b b y  and p u sh ed  up to w a rd s  th e  
n e o k  in  th e  form  o f  a  l a r g e  p ou ch  w h ich  c o n t a in e d  a l a r g e  
em pty  sto m a o h  and p a r t  o f  t h e  t r a n s v e r s e  c o lo n *  The l e f t  
o r u s  and r e m a in d e r  o f  th e  d iap h ragm  w ere  n o r m a l, a s  w ere  
a l s o  t h e  lu n g s  and h e a r t*  The l e f t  p h r e n io  n e r v e  was
ex am in ed  m i c r o s c o p i c a l l y ,  b u t  t h e  s e c t i o n  d id  n o t  sh ow  a n y  
a b n o r m a l i t y .  T h ere  was n o t h in g  t o  s u p p o r t  th e  v ie w  t h a t  
i t  was c a u se d  b y  an y  m orb id  o o n d i t io n  o f  t h e  lu n g s  o r  
p le u r a *  The c h e s t  w as n o t  c o n tr a c t e d *  He r e g a r d e d  i t  
a s  "A c a s e  o f  c o n g e n i t a l  im p e r f e c t  d i f f e r e n t i a t i o n  o f  t h e  
diaphragm "*
L a w ren o e , in  1852  r e p o r t e d  a  oaB e w ith  t h e  p o s t  m ortem  
f i n d i n g s  i n  th e  L a n c e t  and t h i s  sam e c a s e  i s  a g a in  r e p o r t e d  
i n  t h e  L a n c e t b y  M arsh in  1 8 6 7 , I t  w as a t y p i c a l  c a s e  o f  
e v e n t r a t i o n  fo u n d  p o s t  m ortem  in  a  man a g e d  33  y e a r s  who 
had d ie d  o f  pneum onia* "The l e f t  h a l f  o f  th e  d ia p h ra g m  
was a r c h e d  up  to  th e  3 r d . i n t e r c o s t a l  s p a c e ,  and th e  
s to m a c h , w h ic h  w as e x t r e m e ly  l a r g e ,  w as p u sh ed  up  s o  h ig h  
a s  t o  b e  n e a r ly  c o n c e a le d  by t h e  r i b s " .  The r i g h t  s i d e
o f  th e  d ia p h ra g m  w as n o r m a l. The l e f t  l e a f l e t  w as a
g r e y  f i b r o u s  t r a n s l u c e n t  s t r u o t u r s  w i t h  ’’v e r y  f i n s  s h o r t  
s t r i a s  o f  m u s c u la r  f i b r e s  e x t e n d in g  from  th e  in n e r  s u r f a o e  
o f  t h e  r i b s  and l ig a m e n t a  a r o u a ta  f o r  th e  d i s t a n o e  o f  6 -  8 
l i n e s ” . H arsh  s t a t e s  f a r t h e r  t h e  H r .  P a g e t  th o u g h t  th e  
d e f e c t  a  c o n g e n i t a l  one"  and t h a t  ” t h e r e  a p p e a r e d , n o t w i t h ­
s t a n d in g  t h i s  d e f e c t ,  t o  b e  s u f f i c i e n t  r e s p i r a t o r y  power*
The p a t i e n t  b r e a th e d  v e r y  f o r c i b l y  in  h i s  d y s p n o e a ,a n d  i n  
a u s c u l t a t i n g  him  t h e  m ovem ents o f  th e  o h e s t  a p p e a r e d  j u s t  
a s  i n  an o r d in a r y  d o u b le  p n eu m o n ia . The l e f t  s i d e  o f  
t h e  o h e s t  c e r t a i n l y  m oved f r e e l y ,  and th e  p a t i e n t  o f t e n  
l a y  on th e  r i g h t  s i d e ” .
S a i l o r  and R h e in  d e s c r ib e d  a  c a s e  o f  a  fa r m e r  a g e d  
So y e a r s  i n  w h ic h  p o s t  m ortem  a sk ia g r a m  was ta k e n  w h ich  
sh ow ed  an e v e n t r a t i o n  o f  t h e  l e f t  d ia p h ra g m . The p o i n t s  
o f  n o t e  in  t h i s  c a s e  w ere th e  d is p la c e m e n t  o f  t h e  h e a r t  to  
t h e  r i g h t ,  th e  p r e s e n o e  o f  m u so u la r  f i b r e s  i n  th e  l e f t  
l e a f l e t  and th e  c o n g e n i t a l  m r f lfo r a a t io n  and h y p o p la s ia  o f  
th e  lu n g .
O th e r  o a s e s  s i m i l a r  to  t h e s e  w h ic h  1 h a v e  q u o te d  h a v e  
b e e n  r e o o r d e d  by Thoma, D o e r in g ,  C r i s p in o ^  F r o r ie p ,  and  
.Videnmann w h ose c a s e  was a l s o  r e p o r t e d  b y  G la s e r .  In  
th e  c a s e  o f  Wldenmann and G la s e r  i t  i s  o f  I n t e r e s t  to  n o t e  
t h a t  t h e  p a t i e n t  s u f f e r e d  from  g a s t r i c  s y s p to m s ,  and on  
tw o o c c a s i o n s  h a e m a te m e s is  o c c u r r e d .
In  J u r ie s  t o  t h e  P h r e n ic  n e r v e  m ay o o o u r  a t  b i r t h  and  
r e o e n t l y  w e ig e r t  and K o f f a r a t h  h a v e  ra o o rd a d  o a s e s .
W e ig e r t '8 o a s e  w as dua t o  trau m a d u r in g  d e l i  v a ry *
The l e f t  d iap h ragm  w as e l e v a t e d  and a l l  th e  r a d i o l o g i c a l  
a p p e a r a n c e s  o f  an e v e n t r a t i o n  p r e s e n t .  He o b s e r v e d  t h i s  
o a s e  u n t i l  c o m p le te  r e c o v e r y  to o k  p la c e  in  t h e  c o u r s e  o f  
a b o u t  two m onth8 .
K o f f e r a t h  d e s c r i b e s  "a c a s e  o f  r i g h t - s i d e d  Hrb p a r a l y s i s  
and p a r a l y s i s  o f  th e  p h r e n io u s  f o l l o w i n g  f o r o e p s  d e l i v e r y ” , 
th e  X -ra y  e x a m in a t io n  show ed  an a b n o x m a lly  h ig h  p o s i t i o n  
o f  th e  r i f ih t  h a l f  o f  t h e  d ia p h ra g m . d S B V M H i^ m o v e d  
in  a  t o t  i l l y  ab n o rm a l m an n er; Co i n s p i r a t i o n  i t  r o s e ,  and  
d e so e n d e d  on  e x p i r a t i o n .  A f t e r  f o u r  d a y s  r e s p i r a t i o n  
beoam e a p p a r e n t ly  q u i t e  noxm al and a  l a t e r  e x a m in a t io n  
show ed  n o rm a l c o n d i t i o n s .
From t h e  s t u d y  o f  my own o a s e s  o f  E v e n t r a t io n  and o f  
U n i l a t e r a l  p h r e n ic  p a r a l y s i s ,  a lo n g  w it h  t h o s e  r e c o r d e d  b y  
o t h e r s ,  I w ould  s u g g e s t  t h a t  e v e n t r a t i o n  may be due t o  tw o  
c a u s e s  •
(1 )  A d e v e lo p m e n ta l  d e f e c t  in  t h e  f o r m a t io n  o f  th e
m u s c u la r  t i s s u e  o f  t h e  d ia p h ra g m .
*
The d ia p h r a g m , a c c o r d in g  t o  Brom an, i s  th u s  
d e r iv e ^ fr o m  fo u r  s o u r o e s  ( F i g .  1 9 8 ) .  ( 1 )  I t s
v e n t r o - p e r i  c a r d i a l  p o r t io n  from  t h e  sep tu m  $
t  ran  e T er  sum , i t s  l a t e r a l  p o r t io n s  from  ( 2 )  p le u r o ­
p e r i c a r d i a l  m em branes p lu s  ( 3 )  d e r i v a t i v e s  from
t h e  b o d y  w a l l .  ’The d o r s a l  p o r t io n  i s  form ed  \
\
from  ( 4 )  t h e  d o r s a l  m e s e n t e r y .  In  a d d i t i o n  t o  
t h e s e  th e  s t r i a t e d  m u s c le  o f  t h e  d ia p h ra g m , a c c o r d -;  
i n g  to  B arden (1 9 0 0 )  t a k e s  i t s  o r i g i n  from  a  p a i r  
o f  p rem u B cle  m a s s e s  w h ich  i n  9mm. embryo* l i e  o n e  
o n  e a c h  s i d e  o p p o s i t e  th e  5 t h .  o e r v io i^ B e g m e n t .  
T h is  i s  t h e  l e v e l  a t  w h ic h  t h e  p h r e n ic  n e r v e  e n t e r s  
th e  sep tu m  tr a n s v e r s u m . The e x a c t  o r i g i n  o f
t h e s e  m u s c le  m a s s e s  i s  i n  d o u b t ,  b u t th e y  p r o b a b ly t
a.
r e  p r e s e n t^  p o r t io n  o f  t h e  c e r v i c a l  m yotom e o f  t h i s  
r e g i o n .  The m u so le  m a s s e s  m y g r a te  o a u d a l ly  
w ith  th e  sep tum  tr a n s v e r s u m  and d e v e lo p  c h i e f l y  
i n  th e  d o r s a l  p o r t io n  o f  th e  d ia p h ra g m .
E m b ry o lo g y .
P r e n t i s s  & A r e y . 1 9 2 0 .
( £ )  ad i n j u r y  a t  b i r t h  to  t h e  p h r e n ic  n e r v e .
T h at su c h  i n j u r i e s  do o c c u r  we h a v e  s e e n  i n  th e  
o a s e s  r e c o r d e d  b y  iv e ig e r t  and K o f f e r a t h ,  and 1 
do n o t  t h in k  i t  i s  to o  much to  s u g g e s t  t h a t  t h e s e  
may be th e  c a u s e  o f  e v e n t r a t i o n s  w h ich  may p e r s i s t  
th r o u g h o u t  l i f e .
F ig .  1 9 8 .— D ia g ra m  sh ow in g  th e  origin  
of th e  d iap hragm  (a fter  B rom an ). 1, 
S ep tu m  tran sversu m ; 2, 3, d er iv a tiv es  of 
m esen tery ; 4, 4 , d er iv a tiv es  of p leuro-p eri- 
ton ea l m em brane; 5, 5, parts der ived  from  
th e  b o d y  w all; A,  aorta; Oe, e sop h agu s; VC, 
inferior v en a  cava .
7 T .
farm  /u
S i S  & S /s? /£■
Plku»c-Pt»iT Passage
Fig. 1.—D iagram  to  show  th e  s ite s  of d ia p h ra g m a tic  h ern ia , as  
deduced  from  31 m u seu m  sp ec im en s  in  L on d on . T h e u pper or 
th oracic  a sp ect of th e  d iap h ragm  is  rep resen ted .
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OONOLPS-IOHS.
(1) E e t i t ' s  E v e n tr a t io  diapliragm atioa and u n i l a t e r a l
I
ph ren ic  p a r a l y s i s  are  not so uncommon a s  i s  
g e n e r a l ly  supposed. ' R a d io g ra p h ica lly  they  
p r e se n t  many s im i la r  f e a t u r e s .
(2 ) There i s  e v id e n c e ,  in  a study of the c a s e s  
p r e se n te d ,  and in  the  l i t e r a t u r e ,  th a t  
e v e n tr a t io n  may be due t o ; -  (a) a d eve lop em enta l  
d e fe c t  in  the muscular t i s s u e  o f  the  diaphragm. 
Cb) an in ju ry  to  the  phren ic  nerve a t  b i r t h .
(3) At f i r s t  i t  was a p a t h o lo g ic a l  stu dy , i t  i s  now
p o s s i b l e ,  w ith  the  advancement o f  r a d io lo g y ,  to
observe  and d iagn ose  th e s e  c a se s  during l i f e .
(4) Mary o f  th e se  c a se s  have e x h ib i t e d  g a s t r i c
symptoms, and I would draw s p e c i a l  a t t e n t io n  to
the  d e fo rm ity  of th e  stomach due to  m echanical  
ca u ses  which I have d e sc r ib e d .  I t  should be 
noted t l ia t  t h i s  c e fo u n ity  may become a 
s u r g ic a l  c o n d i t io n .
(5 )  The d i f f e r e n t i a l  d ia g n o s i s ,  from the  
r a d i o l o g i c a l  sa tn d p o in t ,  r e s t s  m ainly on ;-
a . the unbrohen bow l i n e  ex ten d in g  h ig h  up
in t o  th e  thorax w ith  i t s  r e v e r se d  movements, 
u n le s s  a d h es io n s  have formed.
J /J ”
b, the  l e v e l  o f the  f r e e  f l u i d  in  the  stomach 
i s  th a t  o f  the card iac  o r i f i c e .
c .  the  Bismuth meal exam ination .
The r a d io g ra p h ic  study o f  the diaphragm does n o t  
support the  te a c h in g  o f  the t e x t  books o f  anatomy, 
th a t  one o f  i t s  p r in c ip a l  fu n c t io n s  i t  to  e l e v a t e  
the lower s i x  r ib s  during in s p i r a t i o n .  I t  ra th er  
su g g e s ts  th a t  the  diaphragm p la y s  l i t t l e  or no 
p a r t  in  e l e v a t in g  th e  lower r i b s ,  and th a t  i t s  
p r in c ip a l  fu n c t io n  i s  to  in c r e a s e  the v e r t i c a l  
diam eter  of th e  thorax by i t s  c o n tr a c t io n .
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